The skeletal system, characterized by a hard tissue component, is an extraordinarily dynamic system with disparate functions such as structural support, movement, soft-organ protection and the maintenance of calcium homeostasis. Abstract: It is well known that the body skeleton is formed by two different types of ossification systems, endochondoral and intramembranous ossification. Bone marrow is the main site of active hematopoiesis after the formation of the bone marrow cavities. However, it is unclear whether the hematopoiesis in the bone marrow of two types of ossification is regulated by the same system or not. In this study, we focused on the ontogenic development of bone marrow hematopoiesis in two different ossification systems using mouse humeral bones and palatal process of maxillary bones. Immunohistochemical and RT-PCR analyses were performed to examine the development of hematopoiesis and the expression of cytokines related to hematopoiesis in the forming bone marrow (16-days gestation stage to 1-day postnatal stage). Immunohistochemical studies showed the sequential difference of hematopoiesis between two different ossification systems. In humeral bone marrow, granulopoiesis appeared first at E16, followed by erythropoiesis from E17. On the contrary, erythropoiesis preceded one day in the maxillary bone marrow at E18, one day before the detection of granulopoiesis. GSCF and GMCSF were expressed at every examined stage in both types of bones while MCSF was not expressed in the humeral bone marrow at E16. Erythropoietin was detetcted in the endothelial cells and its expression was coincident with the onset of erythopoiesis. These results suggest the time kinetic and sequential differences of hematopoiesis in two different ossification systems, which might relate to the differences of hematopoietic microenvironment.
It has been indicated that the bone marrow microenvironment provides essential regulatory role in hematopoietic system. The hematopoietic microenvironment includes stromal cells and the cytokines and extracellular matrix which they secrete.
7）
The bone marrow stromal cells include macrophages, endothelial cells, adipocytes, fibroblasts and osteoblasts.
8, 9）
Erythroblastic islands consist of a central macro phage surrounded by a ring of erythroblasts that undergo terminal maturation leading to enucleation. It has been reported that erythroid cells mature to the late erythroblast stage but fail to enucleate in macrophagedepleted cultures.
10） Erythropoietin (EPO), a major regulator of erythropoiesis, has also been detected in the macrophages of fetal liver blood islands.
11, 12）
These results suggest that erythroblast-macrophage contact promotes proliferation and terminal maturation of erythroid cells.
Osteoblasts are differentiated stromal cell type unique to the bone marrow environment. It has been indicated that osteoblasts play the central and direct role in myelopoiesis by secreting numerous hematopoietic cytokines which support the terminal neutrophil maturation and the in vitro expansion of primitive long-term culture-initiating cells (LTCICs).
13～15）
Osteoblasts are differentiated from a multipotent mesenchymal stem cell (MMSCs), which have the ability to commit to osteogenesis, chondrogenesis, adipogenesis and myogenesis by the defined developmental programs. 16） It has been proposed that once MMSCs commit to osteogenesis the cells differentiate into a putative committed osteoprogenitor cells, then progress to preosteoblasts and osteoblasts.
17）
Although the precise mechanisms for the regulation of this process are poorly understood, several studies indicate the inherent and/or functional heterogeneity of osteoblasts.
18, 19）
These results lead to suggest the heterogeneity of hematopoietic microenvironment in the bone marrow during the bone development and between two different osiification sysytems.
Therefore, in this study, we compared the ontogenic development of hematopoiesis, erythropoiesis and granulopoiesis, in the bone marrow of two different ossification systems to know the heterogeneity of hematopoietic microenvironment in two different ossification systems.
Materials and Methods

Animals and antibodies
Pregnant BALB/c mice were purchased from Saitama Breeding Laboratory, Saitama, Japan. Mice from 15day gestation (E15) to 1 day postnatal (1DPN)
stage were used in this study. As control experiments, sections were incubated with either a normal rat serum or PBS instead of the primary antibody. 
RT-PCR analysis
Humeral and maxillary bones were isolated and homogenized. Total RNA was extracted from each sample using RNeasy Mini kit (QIAGEN, Tokyo, Japan). Four micrograms total RNA served as template for reverse transcriptase polymerase chain reaction (RTPCR), using GeneAmp Gold RNA PCR (Applied Biosystems, Tokyo, Japan) with mMCSF, mGCSF and mGMCSF sequence aligned primers. Primers used in this study were listed in Table 1 
Results
Immunohistochemical detection of erythropoiesis and granulopoiesis during bone development
To examine when the primary bone marrow cavity of the humeral bones and the palatal process of maxillary bones was formed, specimens at E15 to 1dPN were sectioned and stained with hematoxylin eosin. The bone marrow cavity was not formed in the E15 humeral bone; the bone rudiment was composed of cartilage tissue and no primary calcification center was detected. Form E16, the bone marrow cavity inside the humeral bones was formed (Fig. 1a, d , g, j). The palatal process of maxillary bones are formed by intramembranous ossification. Bone formation was detected at the palatal region in the E16 mouse fetus (Fig. 3a, d, g, j) . Therefore, we decided to start the immunohistochemical detection of hematopoiesis from E16 mouse fetus.
In the bone marrow of E16 humeral bone, Gr1 + cells were detected at the extravascular space. These cells were solely distributed in the bone marrow cavity (Fig. 1c) . The number of Gr1 + cells was increased with the development and formed the clusters near to the bone trabecular surfac (Fig. 1f, i, l) . In the case of erythropoiesis in the humeral bone marrow, TER119 + nucleated erythrocyte-precursor cells were detected from E17 (Fig. 1e) . With bone development, these cells formed clusters like Gr1 + cells, which were mainly located adjacent to the vasculature (Fig. 1e, h, k) . (Fig. 2) .
In the palatal process of the maxillary bone, TER119
+ nucleated cells were first detected at E17 when Gr1
were not yet detected (Fig. 3b, c) . With bone development, the number of TER119 + and Gr1 + cells
were increased and formed clusters, respectively (Fig.   3h , i, k, l). Hematopoietic loci of TER119 + and Gr1 
Immunohistochemical detection of macrophages and erythropoietin in the bone marrow
Bone marrow resident macrophages and erythro- In the humeral bone marrow, F4/80 + cells were detected from E16 (Fig. 4a⊖e) . Macrophages at E16
and E17 showed the round or elongated shape and no cell processes (Fig. 4a, b) whereas macrophages from E18 developed the cell processes and were surrounded by hematopoietic cells (Fig. 4c, d , e). In the palatal prosesses of the maxillary bones, F4/80 + macrophages were also detected form at E16 (Fig. 5a ). These cells had no cell processes until at E18 (Fig. 5b, c) and developed the processes from 0DPN (Fig. 5d, e) .
The expression of erythropoietin was first detected in the vascular endothelial cells at E17 in the humeral bone marrow (Fig. 6b) . The staining intensities increased with development (Fig. 6c, d , e). In the maxillary bone, the expression of erythropoietin was not detected at E16 and E17 (Fig. 7a, b) . A weak im munoreaction of erythropoietin was detected in the endothelial cells at E18 (Fig. 7c ) and then gradually stronger with age ( Fig. 7d, e) . No immunoreactions were detected in the control sections (Fig. 6f, Fig. 7f ).
In both ossification sysytems, erythropoietin + endothelial cells are mainly located apart form the bone trabucula and no immunoreactions were detected in the endothelial cells near to the bone trabecula (Fig. 6, 7) .
RT-PCR analysis of cytokine expression in the bone marrow
Humeral bones and the palatal processes of maxillary bones from E16 to 0dPN were analysed for the expression of MCSF, GCSF, and GMCSF (Fig. 8) .
From E17 to 0DPN, three cytokines were constitutively expressed in the humeral bones. At E16, GCSF and GM CSF were also expressed while MCSF was not detected in the humeral bone. On the contrary, the expression of three cytokines was detected at the all of examined stages in the maxillary bones.
Discussion
In this study, we demonstrated the time kinetic difference and the sequential difference of erythropoiesis and granulopoiesis in the bone marrow during the ontogenic development of two differerent types of bone formation. In the humeral bones, myelopoiesis was first detected at E16 and then observed erythropoiesis one day after the initiation of myelopoiesis. However, in maxillary bones, erythropoiesis first detected at E17 and erythropoiesis was detected from E18. Double staining with Gr1 and TER119 also indicated the difference of hematopoietic loci between two different ossification systems.
Humeral bone at E16 was the stage that the primary bone cavity was opened and osteoblasts initiated the bone formation on the calcified cartilage trabecula.
Solely distributed Gr1
+ cells became to aggregate to form clusters with development. These clusters were localized near to the bone surface. As osteoblasts are one of the components of stromal cells in bone marrow
by secreting cytokines such as GCSF and GMCSF.
20）
The proliferation of myeloid-lineage cells might be regulated by the cytokines produced by osteoblasts.
In the case of intramembranous ossification,
Gr1
+ cells could not be detected until E18 in spite of the active bone formation by osteoblasts and the expression of GCSF and GMCSF in the hematopoietic sites. Furthermore, erythropoiesis preceded myelopoiesis. These results indicated the 
25）
These results suggest the phenotypic and/or functional defference of osteoblasts between endochondral and intramembranous bones, and it might be, therefore, conceivable that osteoblasts in maxillary bone at E16
and E17 may function differently to hematopoiesis.
Macrophages and erythropoietin are the prerequisite cells and factor for erythropoiesis in the bone marrow. In intramembranous ossification, erythropoiesis preceded granulopoieis. Macrophages were localized in the hematopoietic regions between the bone trabecula from E16 when the expression of MCSF was also detected while erythropoiesis was not initiated until E18. Therefore, these results lead to suggest the consideration of the other key factor(s) for the onset of erythropoiesis in addition to the homing of hematopoietic stem cells into this site.
An unexpected result in this study was the expression of erythropoietin in the bone marrow endothelial cells.
In both types of forming bones, endothelial cells near to the bone and in the surrounding tissues did not stained with the antibody. It has been well documented that erythropoietin is produced mainly by interstitial fibroblasts in the kidney 
